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The effect of quasi-hydrostatic extrusion at liquid nitrogen temperature and room temperature on the evolution of 
structure and mechanical properties of iodide titanium and technically pure titanium VT1-0 obtained by severe plas-
tic deformation under the scheme of upsetting-extrusion-drawing (iodide titanium) and screw extrusion-drawing (ti-
tanium VT1-0) has been examined. It was shown that combination of severe plastic deformation with cryogenic 
quasi-hydrostatic extrusion allowed to create nanocrystalline titanium of various purity with high strength and plas-
ticity. It is established that, at approximately the same grain sizes, the strength characteristics of technically pure 
nanotitanium are significantly higher, and the plastic properties are lower than those of iodide nanotitanium. 
 
PACS: 81.40.Ef, 62.25.-g, 62.20.F- 
 
INTRODUCTION 
Titanium and its alloys are widely used in various 
fields of technology and medicine [1–7]. The require-
ments for their physical, mechanical and chemical prop-
erties are constantly increasing, and therefore new ap-
proaches to the management of the structure and charac-
teristics of these materials are needed [8, 9]. This ap-
plies, first of all, to the titanium of technical and high 
purity, for which the possibility of increasing the 
strength characteristics are substantially limited. For 
some applications, in particular for the manufacture of 
medical implants, pure titanium is most preferred be-
cause of its high biocompatibility and the absence of 
toxic elements [10, 11]. Increasing the strength of pure 
titanium to the strength level of heavily doped alloys is 
possible by various extreme effects on the bulk material 
[12]. Such effects may include severe plastic defor-
mation (SPD) [13] and the deformation at low (cryogen-
ic) temperatures or cryodeformation (CD) [14–17]. The 
prospect of combination of these treatment methods was 
demonstrated in relation of iodide titanium [12, 18, 19], 
and also by the authors [20] applied to titanium Grade 2. 
It is interesting to study the effects of SPD and CD on 
the structure and mechanical properties of high-purity 
titanium and technical purity titanium in the framework 
of one study. The main questions here may be the role 
of grain size and the amount of impurities. In this con-
nection, industrial iodide titanium and technically pure 
titanium VT1-0 were chosen as objects of this study. 
 
MATERIALS AND METHODS 
In this study we used iodide titanium with the fol-
lowing certified impurity content O-0.01; N-0.01;         
C-0.01; Si-0.009; Fe-0.005; Ni-0.005; Mg-0.004;       
Mn-0.004; Al-0.005; Cr-0.005 (in wt.%) and commer-
cial titanium VT1-0.  
After double electron beam remelting of iodide tita-
nium in high vacuum (1.3·10-4 Pa) the resulting ingot 
has a hardness HB ≈ 1.13 GPa (for a load of 9800 N) and 
a microhardness Нμ = 1.23 GPa (load 0.5 N). The ratio 
of the electrical resistances at 293 and 77 K was 
R293/R77 = 9.62. Severe plastic deformation was carried 
out in two stages. In the first stage the initial ingot was 
set and extruded. Here an ingot was upset from Ø 43 to 
Ø 48.5 mm at room temperature (true strain е1 = 0.24), 
then placed in a warmed up furnace and heated to 
600 С (over a period of 20…25 min), transferred to a 
container heated to 250 С, and extruded into Ø 28 mm 
rod (е2 = 1.10). A second extrusion to Ø 10 mm 
(е3 = 2.20) was carried out like the first, with the sole 
difference that the sample was heated to 550 С. Con-
sidering that the temperature of the container was signif-
icantly lower than the heated sample, some cooling of 
the sample took place. As a result, we estimate that the 
temperature in the deformation zone was lower by 
120…160 С than the initial temperature to which the 
sample was heated. In the second stage, the extruded 
Ø 10 mm sample was drawn at room temperature into 
Ø5 mm rod with a compression of 5…7% per passage 
(the strain during drawing was е4 = 1.39). The total hot 
and cold strain as a result of this SPD was е = е1+ е2+ 
е3+ е4 = 4.93. 
The route of deformation of titanium VT1-0 started 
with screw extrusion (SE), which was carried out in 
DonFTI NAS of Ukraine: 5 passes through the matrix 
with the slope angle of the helical line to the strain axis 
β = 45°. The angle of rotation of the output section rela-
tive to the input α = 50°. The deformation temperature 
was in the range 380…400 °С. The pressure in the con-
tainer (on the punch) was 1700…1900 MPa. The back 
pressure was 100 MPa. The total plastic strain was е  5. 
Following pressing at Т ~ 380…400 °С through the 
conical matrix with a transition from a cross-section of 
25×40 mm to a section of 18×28 mm with the elonga-
tion ratio of μ ~ 2 provided strain  е = 0.69. As a result, 
the total plastic deformation of titanium VT1-0 was 
е  5.69. 
After this, the material was extruded at Т  430 °С 
into the rod Ø 10 mm, and then drawing at room tem-
perature to Ø 5 mm. As a result, the total true strain af-
ter such treatment (let's call it “SE+drawing”) of titani-
um VT1-0 was е  8.24. 
The obtained Ø 5 mm rods of iodide titanium and ti-
tanium VT1-0 were cut into samples which were both 
used for studying the microstructure and mechanical 
properties and for realization the additional stage of de-
 formation by quasi-hydrostatic extrusion (QHE) at 77 K 
in a liquid nitrogen atmosphere and at room temperature 
(300 K). 
The QHE technique, developed at the National Sci-
ence Center “Kharkov Institute of Physics and Technol-
ogy” of the National Academy of Sciences of Ukraine 
(NSC KIPT NASU), is described in detail in [21, 22]. 
Pure indium was used as a working medium for creating 
a quasi-hydrostatic pressure. The degree of QHE defor-
mation for all the samples was the same at about 45% 
(true strain е ≈ 0.6). 
The microstructure of the samples before and after 
QHE was studied by transmission electron microscopy 
(JEM-100 CX electron microscope). Foils for study 
were cut transverse to the axis of the samples; longitu-
dinal cross sections were also studied selectively. The 
foils were thinned by jet electropolishing in the solution 
containing 27 ml of hydrochloric acid, 400 ml of ethyl 
alcohol, and 27 ml of glycerin at the voltage of 100 V 
and the temperature of 20 ºС. 
The microhardness Нμ of the samples was measured 
on transverse polished sections, which after preparation 
by the standard method were subjected to electrochemi-
cal polishing in a solution of equal amounts of sulfuric, 
nitric, and hydrofluoric acids and water to remove the 
cold-hardened layer. The measurements were carried 
out on a PMT-3 microhardness tester under the load of 
0.5 N.  
“Two sided shovels” were cut along the axes of the 
samples with working section dimensions of 
0.71.48 mm for mechanical tension testing. The rela-
tive strain rate during the tests was 5∙10-3 s-1; tests were 
carried out at room temperature. 
 
RESULTS AND DISCUSSION 
Microstructure. The electron microscopic studies 
of the cross sections of the deformed rods of high-purity 
titanium showed that the SPD scheme leads to the 
formation of a submicrocrystalline state characterized 
by an average subgrain size of about 150 nm (Fig. 1,a). 
Here the grains have a non-equiaxial shape and a small-
angle disorientation predominates between the grains. 
The grains are highly elongated in a longitudinal cross 
section of a rod and their average size is 2–3 times 
higher than in a transverse cross section. A relatively 
high density of dislocations is observed in the body of 
subgrains. The azimuthal blurring of the reflexes on the 
microdiffraction pattern indicates about high levels of 
internal stresses.  
Subsequent quasi-hydrostatic extrusion at room 
temperature led to increase the homogeneity of the mi-
crostructure (see Fig. 1,b). The grains became more 
equiaxial, their average size was 130 nm. Inside sub-
grains observed the increased dislocation density. De-
formation at liquid nitrogen temperature led to the sig-
nificant fragmentation of the structure (see Fig. 1,c). 
The average size of the subgrains decreased by 2 times 
and amounted to 75 nm. The high density of point re-
flexes on the microdiffraction pattern indicates about 
formation of subgrain structure with small characteristic 
size (see Fig. 1,c). 
Electron microscopic studies of titanium VT1-0 
showed that after processing by screw extrusion, grains 
with a large misorientation and a subgrain with less dis-
orientation are formed. In what follows, this structure 
will also be called subgrains. After screw extrusion suf-
ficiently homogeneous microstructure is observed, the 
average subgrain size is 130 nm in cross section 
(Fig. 2,a) and 160 nm in longitudinal section (see 
Fig. 2,b). Availability of extinction contours (see 
Fig. 2,a,b) indicates about large internal stresses. It 
should be noted that there is no preferential direction of 
subgrains is observed in the longitudinal direction (see 
Fig. 2,b). Consequently, screw extrusion leads to the 
formation of equiaxial subgrains. 
Additional drawing up to a diameter of 5 mm leads 
to elongation of subgrains along the drawing axis, and 
in the cross section the average subgrain size is reduced 
to 100 nm (see Fig. 2,c). Further drawing to diameter of 
3.7 mm leads to formation of the microstructure with an 
average subgrain size of 80 nm (see Fig. 2,d). It should 
be noted that additional deformation by drawing leads to 
formation of vortex-like fragmented deformation bands. 
 
 
Fig. 1. Microstructure of iodide titanium samples after 
SPD and following QHE at room and nitrogen tempera-
tures: a – SPD; b – SPD+QHE300; c – SPD+QHE77 
a 
b 
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 Fig. 2. Microstructure of titanium VT1-0 samples after screw extrusion, drawing and subsequent quasi-hydrostatic 
extrusion at room and nitrogen temperatures: a – SE (cross section); b – SE (longitudinal section); c – SE+drawing 
up to  5 mm; d – SE+drawing up to  3.7 mm; e – SE+drawing up to  5 mm+QHE300; f – SE+drawing up to  
 5 mm+QHE77 
 
Using of quasi-hydrostatic extrusion made it possi-
ble to significantly improve microstructural homogenei-
ty. Quasi-hydrostatic extrusion at room temperature 
leads to the formation of the microstructure with an av-
erage subgrain size of 90 nm (see Fig. 2,e), while quasi-
hydroextrusion at nitrogen temperature has the strongest 
effect on the microstructure and makes it possible to ob-
tain technically pure titanium VT1-0 with an average 
subgrain size of 65 nm (see Fig. 2,f). A large number of 
reflexes located along concentric circles are observed on 
the microdiffraction pattern. The high density of point 
reflexes at a small size of the selector diaphragm (1 μm) 
indicates about formation of the grain-subgrain structure 
with a small characteristic size. It should be noted the 
indistinctness boundaries of subgrain structure. This is 
because the material is in a very stressed state, and the 
deformation return can’t take place, which leads to the 
formation of indistinctness boundaries. In addition, the 
azimuthal blurring of the reflexes in the microdiffrac-
tion pattern also indicates about high levels of internal 
stresses (see Fig. 2,f). 
Mechanical properties. Fig. 3 shows the depend-
ences of the microhardness Нμ of both materials on the 
degree of plastic deformation and the type of mechani-
cal treatment. 
As can be seen, the effect of QHE on iodide titanium 
is ambiguous: at room temperature (QHE300) an unex-
pected phenomenon is observed  a decrease (by rough-
ly 10%) of the microhardness relative to its initial value. 
The cryogenic deformation (QHE77) of iodide titanium, 
on the contrary, increases its Нμ (about 15%) relative to 
its initial value. In titanium VT1-0 both types of defor-
mation (QHE300 and QHE77) increase Нμ, especially at 
nitrogen temperature – more than 40%. Thus, cryo-
deformation is more effective in grinding the structure 
and increasing the strength characteristics of both stud-
ied materials. The absence of twins in the samples after 
QHE indicates that grinding of the microstructure oc-
curs due to the accumulation of defects and the for-
mation of new sub-boundaries. In this case, the intensi-
fication of the effect of lowering QHE temperature in 
cryogenic region is associated with the suppression of 
recovery and dynamic recrystallization processes, which 
leads to accelerated grain refinement.  
In experiments on uniaxial tension of samples the 
similarity in the behavior of the conventional yield 
strength σ0.2 with the behavior of Нμ of iodide titanium 
was found: the same decrease (by approximately 10%) 
σ0.2 as a result of QHE300 and an increase (also by ap-
proximately 10%) after QHE77 in relation to its initial 
level. In the case of titanium VT1-0 the value of σ0.2  af-
ter the QHE only increases: by about 30% after 
QHE300 and by almost 40% after QHE77. 
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Fig. 3. Dependence of the microhardness Нμ of iodide titanium and titanium VT1-0 on the degree of plastic  
deformation and the type of mechanical treatment 
 
In contrast to the yield strength, the tensile strength 
σb after quasi-hydrostatic extrusion increased in both 
materials: about 15% in VT1-0 (for both temperatures 
of QHE), about 8 and 20% in iodide titanium after 
QHE300 and QHE77, respectively. 
Quasi-hydrostatic extrusion also has a significant in-
fluence on the plastic characteristics of titanium with 
different purity.  
In iodide titanium, after extrusion at both tempera-
tures, a slight increase in the uniform plastic defor-
mation δр is observed: from 3 to ~ 4%. As for plastic de-
formation to fracture δ, both QHE300 and QHE77 lead 
to its almost double increase: 6.7 to ≥ 12.3%. In titani-
um VT1-0 quasi-hydrostatic extrusion noticeably reduc-
es δр (from ~ 4 to ~ 1%) and slightly increases δ: from 5 
to 7…8%. 
It remains unclear why quasi-hydrostatic extrusion 
at room temperature of the submicrocrystalline SPD ti-
tanium, leads, as mentioned above, to a small grain re-
finement, but reduces its microhardness and yield 
strength. Possible reasons may include changes in the 
disorientation between grains, in the density and type of 
dislocations, and in the texture of the samples, relaxa-
tion of internal stresses, etc. Further study is needed to 
resolve this question. 
The main experimental results on the structure and 
mechanical properties of the studied titanium samples 
are presented in Table. 
 
Structure and mechanical properties of the titanium samples after SPD and QHE 
Titanium grade and  
processing method 
Grain size, 
nm 
Hμ, 
MPa 
σ0.2, 
MPa 
σb, 
MPa 
δр,  
% 
δ, 
% 
VT1-0, SE+drawing 100 2750 820 1050 ~ 4 5 
VT1-0, SE+drawing+QHE300 90 2900 1080 1200 ~ 1 7 
VT1-0, SE+drawing+QHE77 65 3780 1140 1220 ~ 1 8 
Iodide Ti,  SPD  150 2310 670 780 3 6.7 
Iodide Ti, SPD+QHE300 130 2050 610 840 ~ 4 12.6 
Iodide Ti, SPD+QHE77 75 2650 750 930 ~ 4 12.3 
 
As can be seen from the table, at approximately the 
same dimensions of nanograins (65 nm in VT1-0 and 
75 nm in iodide titanium), the strength properties of 
commercial titanium are significantly higher, and the 
plastic properties are lower than that of iodide titanium. 
This is inconsistent with the conclusion of the authors 
[23, 24] that in nanostructured titanium the concentra-
tion of interstitial impurities does not influence appre-
ciably to the flow stress and that such characteristics as 
the conventional yield strength, microhardness, tensile 
strength are determined mainly by the grain size (sub-
grain). However, experimental data indicate [12] that 
the level of tensile strength σb = 1230 MPa is achievable 
in iodide titanium. 
As for the sharp increase in the plasticity of iodide 
titanium after QHE at both temperatures, it can be sup-
posed that the macroscopic cause of this can be a diffi-
culty in the formation of the neck, and microscopic 
cause – the healing of nano- and microcracks under de-
formation conditions at higher values of the spherical 
compression tensor. 
 CONCLUSIONS 
1. In contrast to coarse-grained titanium with grain 
size ≥ 1 μm, where fragmentation occurs due to twin-
ning, in submicrocrystalline titanium grain refinement is 
performed by accumulation the dislocations and disloca-
tion structure reorganization. 
2. Cryodeformation (QHE77) is more effective than 
its “room” version (QHE300) in the sense of refinement 
the structure and improving the strength characteristics 
of both materials. The refinement of the structure is par-
ticularly noticeable in the case of high-purity titanium. 
The effect of cryodeformation in the region of nitrogen 
temperatures is associated with the suppression of re-
covery processes and dynamic recrystallization, which 
finally leads to the grain refinement. 
3. At approximately the same grain sizes (65 and 
75 nm), the strength characteristics of technically pure 
nanotitanium are significantly higher, and the plastic 
properties are lower than those of iodide nanotitanium. 
This, in our opinion, indicates that in the nanostructured 
titanium the concentration of interstitial impurities has a 
decisive influence on the flow stress. 
 
REFERENCES 
1. M. Niinomi. Mechanical biocompatibilities of ti-
tanium alloys for biomedical applications // Journal of 
the mechanical behavior of biomedical materials. 2008, 
v. 1, р. 30-42. 
2. Р.З. Валиев, И.П. Семенова, В.В. Латыш. 
Наноструктурный титан для биомедицинских при-
менений: новые разработки и перспективы коммер-
циализации // Российские нанотехнологии. 2008, т. 3, 
№9-10, с. 106-115. 
3. Б.Є. Патон, А.П. Шпак, О.М. Іванишин. Ос-
новні напрямки наукових досліджень з титанової 
проблематики в Україні // Фізико-хімічна механіка 
матеріалів. 2006, №3, с. 5-15. 
4. Li Yuhua, Yang Chao, Zhao Haidong, Qu 
Shengguan, Li Xiaoqiang, Li Yuanyuan. New Devel-
opments of Ti-Based Alloys for Biomedical Applica-
tions // Materials. 2014, v. 7, p. 1709-1800. 
5. Р.З. Валиев, О.Б. Наймарк. Объемные нано-
структурные материалы: уникальные свойства и ин-
новационный потенциал // Инновации. 2007, т. 110, 
№12, c. 70-76. 
6. Ю.П. Шаркеев, В.К. Поленичкин. Перспекти-
вы применения ультрамелкозернистого титана в 
стоматологии // Перспективные материалы. 2009, 
№7, c. 372-377. 
7. Mohsin Talib Mohammed. Development of a 
new metastable beta titanium alloy for biomedical ap-
plications // Karbala International Journal of Modern 
Science. 2017, v. 3, issue 4, p. 224-230. 
8. T.M. Mohsin, A.K. Zahid, M. Geetha, N.S. Ar-
shad. Microstructure, mechanical properties and elec-
trochemical behavior of a novel biomedical titanium al-
loy subjected to thermo-mechanical processing includ-
ing aging // J. Alloys Comp. 2015, v. 634, p. 272-280. 
9. И.Ф. Кисляк, К.В. Кутний, М.А. Тихоновский, 
А.И. Пикалов, Т.Ю. Рудычева, Н.Ф. Андриевская, 
Р.Л. Василенко. Влияние термообработки на струк-
туру и механические свойства высокочистого ИПД-
титана // Физика и техника высоких давлений. 2013, 
т. 23, №2, c. 53-67. 
10. К.В. Кутний. Наноструктурные материалы 
на основе чистого титана и биорастворимого магни-
евого сплава для создания хирургических импланта-
тов // Электроника и связь. 2011, №4, c. 31-36. 
11. Р.З. Валиев, Д.В. Гундеров, М.Ю. Мураш-
кин. Объемные наноструктурные металлы и сплавы 
с уникальными механическими свойствами для пер-
спективных применений // Вестник УГАТУ. 2006, 
т. 7, №3(16), c. 23-34. 
12. K.V. Kutniy, O.I. Volchok, I.F. Kislyak, 
M.A. Tikhonovsky, G.E. Storozhilov. Obtaining of pure 
nanostructured titanium for medical purposes by severe 
deformation at cryogenic temperatures // Materials Sci-
ence and Engineering Technology (Mat.-
wiss.u.Werkstofftech.). 2011, v. 42, N 2, p. 114-117.  
13. Р.З. Валиев, И.В. Александров. Нанострук-
турные материалы, полученные интенсивной пла-
стической деформацией. М.: «Логос», 2000, c. 272. 
14. А.М. Глезер. Принципы создания мно-
гофункциональных конструкционных материалов 
нового поколения // Успехи физических наук. 2012, 
т. 182, №5, с. 559-566. 
15. V.A. Moskalenko, A.R. Smirnov, R.V. Smoli-
anets. Low-temperature plastic deformation and strain 
hardening of nanocrystalline titanium // Low Tempera-
ture Physics. 2014, v. 40, N 9, p. 837-848. 
16. Р.В. Смолянец, В.А. Москаленко. Неустой-
чивость пластической деформации нанокристалли-
ческого титана при низких температурах // Физика 
низких температур. 2017, т. 43, №9, c. 1400–1404. 
17. V.A. Moskalenko, A.R. Smirnov, A.V. Mos-
kalenko. Cryomechanically obtained nanocrystalline ti-
tanium: microstructure and mechanical properties // Low 
Temperature Physics. 2009, v. 35, N 11, p. 905-907. 
18. М.А. Тихоновский, И.Ф. Кисляк, О.И. Вол-
чок, Т.Ю. Рудычева, В.Г. Яровой, А.В. Кузьмин, 
Н.В. Камышанченко, И.С. Никулин. Физико-
механические свойства титана после интенсивной 
пластической деформации волочением в криоген-
ных (77 К) условиях // Физика и техника высоких 
давлений. 2008, т. 18, №4, с. 96-99.  
19. M.A. Tikhonovsky, P.A. Khaimovich, 
K.V. Kutniy, I.F. Kislyak, V.S. Okovit, T.Yu. Rudyche-
va. Effect of low-temperature (77 K) quasihydrostatic 
extrusion on the properties of high-purity titanium: The 
role of initial structural state // Low Temperature Phys-
ics. 2013, v. 39, N 11, p. 983-989. 
20. Е. Табачникова, А. Подольский, С. Смирнов, 
М. Бидыло, В. Бенгус, В. Нацик, М. Тихоновский, 
П. Хаймович, И. Борисова, Н. Даниленко, С. Фир-
стов, И. Александров, В. Латыш. Низкотемператур-
ные механические характеристики Ti Grade 2, полу-
ченного разными способами интенсивной пластиче-
ской деформации // Материалы 8-й Международной 
конференции «Физические явления в твердых те-
лах». Харьков, 2009, с. 88.  
21. P.A. Khaymovich. Nanostructurization of  
metals cryodefomed at hydrostatic stress // Russian  
Physics Journal. 2007, v. 50, N 11, p. 1079-1083.  
 22. П.А. Хаймович. На пути к барокриодефор-
мированию металлов // Перспективные материалы. 
2009, ТГУ, МИСиС, т. 3. с. 363-406. 
23. A.V. Rusakova, S.V. Lubenets, L.S. Fomenko, 
V.A. Moskalenko. Structural homogeneity of nanocrys-
talline VT1-0 titanium. Low-temperature micromechan-
ical properties // Low Temperature Physics. 2012, v. 38, 
p. 980-990. 
24. A.V. Podolskiy, C. Mangler, E. Schafler, 
E.D. Tabachnikova, M.J. Zehetbauer. Microstructure 
and mechanical properties of high purity nanostructured 
titanium processed by high pressure torsion at tempera-
tures 300 and 77 K // Journal of Materials Science. 
2013, v. 48, N 13, p. 4689-4697. 
 
            Article received 02.03.2018 
 
 
ФОРМИРОВАНИЕ НАНОСТРУКТУРЫ И МЕХАНИЧЕСКИЕ СВОЙСТВА ТИТАНА  
РАЗЛИЧНОЙ ЧИСТОТЫ  
И.Ф. Кисляк, К.В. Кутний, В.С. Оковит, М.А. Тихоновский, П.А. Хаймович,  
И.В. Колодий, А.С. Кальченко   
Исследовано влияние квазигидроэкструзии при азотной и комнатной температурах на эволюцию струк-
туры и механические свойства йодидного титана и технически чистого титана марки ВТ1-0, полученных с 
помощью интенсивной пластической деформации по схемам осадка–выдавливание–волочение (йодидный 
титан) и винтовая экструзия–волочение (титан марки ВТ1-0). Показано, что сочетание интенсивной пласти-
ческой деформации с криогенной квазигидроэкструзией позволило создать нанокристаллический титан раз-
личной чистоты c высокими значениями прочности и пластичности. Установлено, что при приблизительно 
одинаковых размерах зерен прочностные характеристики технически чистого нанотитана существенно вы-
ше, а пластические ниже, чем у йодидного нанотитана. 
 
 
ФОРМУВАННЯ НАНОСТРУКТУРИ І МЕХАНІЧНІ ВЛАСТИВОСТІ ТИТАНУ  
РІЗНОЇ ЧИСТОТИ 
І.П. Кісляк, К.В. Кутній, В.С. Оковит, М.А. Тихоновський, П.О. Хаймович,  
І.В. Колодій, О.С. Кальченко 
 
Досліджено вплив квазігідроекструзії при азотній і кімнатній температурах на еволюцію структури та 
механічні властивості йодідного титану і технічно чистого титану марки ВТ1-0, отриманих за допомогою ін-
тенсивної пластичної деформації за схемами осаджування–видавлювання–волочіння (йодідний титан) і гви-
нтова екструзія–волочіння (титан марки ВТ1-0). Показано, що поєднання інтенсивної пластичної деформації 
та кріогенної квазігідроекструзії дозволило створити нанокристалічний титан різної чистоти з високими 
значеннями міцності і пластичності. Встановлено, що при приблизно однакових розмірах зерен міцностні 
властивості технічно чистого нанотитану істотно вищі, а пластичні нижчі, ніж в йодідного нанотитану. 
 
